The magnetic hollow silica spheres (MHSS) with uniform cavity size and shell thickness were prepared by a simple and "green" method using functionalized SiO 2 spheres as templates. Magnetic particles (Fe 3 O 4 ) were deposited on the SiO 2 surface by varying the molar ratio of [Fe 2+ ]/ [Fe 3+ ] and the molar concentration of iron salts. The obtained magnetic hollow silica spheres exhibited a super-paramagnetic behavior at room temperature. Scanning electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray powder scattering (XRD) were applied to characterize the MHSS. Besides, their unit cell parameters are calculated according to results indexing to XRD, the MHSS sample prepared at 0.10 M iron salts and 2:1 molar ratio of [Fe 2+ ]/ [Fe 3+ ] has a largest cell angle (β) of unit cell. Due to large hollow cavity space and super-paramagnetic characteristics, the inner amino-functionalized MHSS could be labeled with radioisotope 99 Tc m to study the MHSS's magnetic targeting distribution in vivo. These results indicate that the MHSS has potential in the magnetic targeted drug delivery system which reduces the damage to normal cells and improves the therapeutic effect of cancer.
could provide greater drug loading volume and better adsorption ability compared to conventional mesoporous silica materials.
To date, a variety of methods (such as layer-by-layer coating technology [1] [10], spray pyrolysis [11] , precipitation [12] ) have been invented and employed to fabricate hollow spheres. Zhu et al. prepared the rattle-like Fe 3 O 4 @SiO 2 hollow mesoporous spheres using the carbon spheres absorbed with iron precursor as the templates [13] .
Frank Caruso et al. fabricated MHSS by coating anionic polystyrene latices with Fe 3 O 4 nanoparticle layers alternately adsorbed with polyelectrolyte from aqueous solution [14] . Shi's group prepared for the MHSS through sol-gel reactions followed by hydrothermal treatment and H 2 reduction [15] . However, the synthetic procedures are rather complex, and the hollow spheres surface are difficult to be functionalized.
Normally, two strategies have been established to obtain functional hollow mesoporous spheres. One is that the inner and outer walls of the hollow microspheres are functionalized. For example, Darya Radziuk reported the synthesis of silver nanoparticles for remote opening of polyelectrolyte microcapsules [16] . The other is that functional microspheres are placed in the cavity of the hollow microspheres. Caruso's group [17] demonstrated that a new concept for the immobilization of enzymes using inner functionalized hollow microspheres, which displayed improved enantioselectivity in a given reaction. In addition, hollow mesoporous spheres were prepared by polyelectrolyte almost have semi-permeable, so the small-molecule solvent, vitamin B12, dye or ions can penetrate through which is conducive to small-molecule drug sustained release.
In this paper, we reported an efficient route to prepare MHSS using the sulfonated SiO 2 spheres as the hard templates by a simple and "green" method using co-precipitation route. The schematic procedure for the preparation of magnetic hollow spheres is shown in Figure 1 . Thiol groups of the hollow silica spheres are oxidized as sulfonic acid groups by hydrogen peroxide, and then silica/Fe 3 O 4 hollow spheres are prepared using sulfonic acid-functionalized hollow silicaspheres as templates. The inner aminofunctionalzied MHSS were labeled with radioisotope 99 Tc m to study the MHSS's magnetic targeting distribution in vivo.
Experimental Section

Materials
All reagents used were analytical grade and available commercially. Styrene, FeCl 3 ·6H 2 O, FeCl 2 ·7H 2 O, KNO 3 , hydrogen peroxide (30 wt%), and aqueous ammonia solution (28 wt%) were purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd., (China). 2,2'-Azobis (2-methylpropi-onamidine) dihydrochloride (AAPH), polyvinylpyrrolidone (PVP, Mw = 30000), 3-aminopropyl triethoxy-silane (APTES), Hexamethylenetetramine (HMT), and 3-mercaptopropyltriethoxysilane (MPTS) purchased from Sigma-Aldrich Co. The aforementioned chemicals were used as received.
Preparation of Thiol-Functionalized Hollow Silica Spheres (THSS)
3.0 g of styrene, 1.5 g of PVP and 0.39 g of AAPH were dissolved in 100 mL of deionized water, and then the mixture was maintained at 70˚C in nitrogen atmosphere. After stirring for 24 h, the polystyrene emulsion was filtered by micro-pore film filter andplaced at room temperature for 2 days. Then, 40 mL of ethanol, 5 mL of aqueous ammonia and 1.0 g of 3-mercaptopropyltriethoxysilane (MPTS) were added into polystyrene emulsion, this solution under vigorous stirring was heated up to the temperature of 50˚C for 4 h. Then the product was separated by centrifugal hydroextractor, following washed with deionized water three to four times and ethanol two times. The thiol-functionalized hollow silica spheres (THSS) were prepared.
Preparation of Sulfonated Hollow Silica Spheres (SHSS)
The as prepared THSS (0.8 g) were dissolved into 30 wt% 32 mL hydrogen peroxide, and kept the oxidation reaction at 50˚C for 12 h under a constant stirring at 300 rpm. The obtained sulfonated hollow silica spheres were separated again by centrifugation, following washed with deionized water three to four times and ethanol two times. Finally, the SHSS were re-dispersed into deionized water. The dried MHSS were re-suspended in the dried toluene (50 ml), followed by the MHSS solution were injected into the female mice via caudal vein. After a certain time in magnetically targeted therapy, the animals were sacrificed with an overdose of sodium pentobarbital, and the main organs (the blood, heart, lung, liver, spleen, pancreas, stomach, small intestine, large intestine, brain, muscle and bone) were detached and weighed. The main organs were rinsed with buffer and remaining cell-associated radioactivity was measured with a γ-counter respectively.
Preparation of MHSS and Amino-Functionalized MHSS
Characterization
A Hitachi S-4800 field emission scanning electron microscope (SEM) and a PhilipsTecnai-12transmission electron microscope (TEM) were used to characterize the morphology of the products. The infrared spectra were recorded by a Nicolet Impact 410FT-IR using KBr disks. X-Ray Powder Diffraction (XRD) was used to characterize the crystalline phases of the materials. A vibrating-sample magnetomer (VSM JDM-13) was used to characterize the magnetic properties.
Results and Discussion
The Structure and Morphology of THSS
As shown in Figure 2 Nano SiO 2 can be successfully coated on the surface of polystyrene because of the mutual interaction between positive charged polystyrene and negative charged MPTS, which may be hydrolyzed into SiO 2 carried thiol group under catalysis by ammonia.
Therefore, the formation process of hollow silica spheres was related to ammonia, which not only served as a reactant to form SiO 2 , but also as an alkali media to "dissolve" PS template spheres with ethanol [18] [19] . This method is a simple and "green" method to remove any templates of polystyrene cores in synthesis process which need not any additional dissolution, calcination, and etching process.
The Structure and Morphology of SHSS
The TEM images of as-synthesized SHSS are illustrated in Figure 3 orange red FeOOH phase [20] . (Figure 4(a) ) [21] . Second, the influence of the total iron concentration must be considered, when the mole ratio of [Fe 2+ ] to [Fe 3+ ] is controlled at 2:1, and the total iron concentration is 0.05 M, the image of MHSS-d recorded in Figure 4 The results of indexing to the powder X-ray diffraction pattern of Figure 5 are listed in Table 2 . It can be inferred from Table 2 that all MHSS samples have monoclinic The MHSS-a has a largest cell angle (β) of unit cell at 100.512˚, the MHSS-d has a second large cell angle (β), and the MHSS-c has a minimum cell angle (β). Because there is intimate relationship between spherical shell's surface curvature and the cell angle of unit cell [22] , as shown in the model structure (Figure 6 ), the unit cell dimensions a, b and c(001) and cell angle β will vary from unit cell to unit cell along the surface curvature of the spherical shell. Thus the larger angle the unit cell shows, the more spherical shell curvature, and the sample has a well-defined spherical shell. In comparison with Figure 4 , the image of MHSS-a recorded in Figure 4 of MHSS were shown in Figure 7 and Table 3 . The magnetization saturation (Ms) of MHSS spheres are shown in Table 3 , it can be seen from the results that MHSS-ahasthe highest saturation magnetization at 34.38 emu/g, MHSS-b has the second at 24.38 emu/g, MHSS-d has the third at 18.77 emu/g, but MHSS-c has the minimum value at 11.80 emu/g. The coercivity are close to zero, indicating they all belong to superparamagnetic system. It can be seen that the Ms value of the MHSS increases with the concentration ofsalt solution increasing, due to a difference of the magnetic layer emu/g, MHSS-a could be selected as carrier of targeted drugsin this paper, providing the empirical research basisfor highly efficient antitumor with low toxicity. show the activity concentration of labelled MHSS particles in tumour were significantly higher than that without targeting. uptake by the spleen is the second highest, and uptake by the lung is the third highest, the findings are in a good agreement with SPECT imaging data with high levels of 
Conclusion
In this paper, an efficient functionalized SiO 2 sphere templating route has been developed to prepare magnetic hollow silica spheres (MHSS) with uniform 70 nm cavity diameter size and 15 nm shell thickness respectively. The unit cell parameters of them have been calculated according to the results of indexing to the XRD pattern, they all belong to monoclinic symmetry. The MHSS-a has a largest cell angle (β) of unit cell, so having a perfect spherical morphology with the highest saturation magnetization at 34.38 emu/g. 
